Negative refractive materials
This discovery is based upon the heterostructure arrangement of crystals of a material which is anisotropic, and has them arranged in alternating layers of one atomic plane direction, then the reverse direction, then the first direction, then the reverse, and so on. The simplest period structure has one pair, or a bi-layer or bi-crystal.
What is so special about this heterostructure arrangement is that it produces asymmetry in the electromagnetic or photonic field. This can be exploited to perhaps produce nonreciprocal devices, formerly only the province of ferromagnetic materials.
Why is this valuable? Because for over 50 years no one has been able to figure out how to make isolators, circulators, and other critical devices for microwave integrated circuits which rely upon ferrites and contain bulky magnetic circuits and hard to grow films of such ferrite material on the III-V substrates, or must use ferrite pucks inserted into holes in the substrates or pasted onto them or used in adjacent hybrid circuits. In this paper I discussed three discoveries: (1) the new field distributions due to left-handed materials (2), bicrystals causing field asymmetry, and (3) super low loss frequency bands in SRR left-handed substrates used to guide waves. 14, 2004 14, (corrected Mar 11, 2005 .
What is so remarkable about the last finding is that in the microwave community it is common understanding that split ring resonator structures (SRRs) along with their accompanying rods which make the material left-handed, would generate huge ohmic losses due to the immense about of small wire like metallic structures embedded in the host material.
But I find that the loss is nearly zero, in some bands! I couldn't believe it when I found this property of the left-handed material.
Related to all of the above work on left-handed materials, is "Left-Handed Materials for Microwave Devices and Circuits," C. M. Krowne, Encyclopedia of RF and Microwave Engineering,Wiley, 3, 2303 -2320 , (2005 . which I understand is available in the 6 volume series by Wiley, plus it is also available online in colour.
Even more things are going on right now. For example, I am building, with colleagues a structure like that discussed in the PRL article (negative refractive bicrystal) and have test equipment ready to make laboratory measurements. 
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